Material and Methods

Current Methods for Road Traffic Density Measurement
Monitoring traffic and subsequently analysing the various parameters of road traffic are parts of modern and intelligent traffic systems. Information is used in order to improve traffic control and enable the travellers or commuters to reach their destination faster with lower energy consumption. Currently, various systems (e.g., inductive loops under the roads, radar, or video cameras) are used to obtain the necessary data. There are also methods of potential management and planning for further explanation using GIS [3] [4] . For the traffic management, methods for transportation engineering are also important [5] [6] . However, all these technologies used for monitoring traffic are costly. We have tried to test the possibility of measuring traffic density using acoustic methods, which seem to be less costly [7] [8] [9] .
However, the overall level of predicted noise can be influenced by various factors; in other words the noise consists of more components that determine the final value. These components can be divided into basic and derived. The basic factors determining noise from road traffic include the influence of operation and vehicle construction and factors connected to the environment and its surroundings. The derived factors cover the factors connected to the method of traffic operations [10] [11] [12] [13] [14] [15] [16] .
Measurement Location
The method of analysing the traffic density using audio recordings was proposed in cooperation with the company Betamont, s.r.o., Zvolen, dealing with the technologies for traffic networks and traffic telematics. Within this task the measurement was carried out on two measurement locations. The first was situated on road R1 from Banská Bystrica towards Zvolen, prior to turning toward the housing estate Radvaň, where Betamont has a road measurement unit situated on this spot. The unit records the number and parameters of vehicles passing by. After processing the data from this location we found out that the proposed method is not suitable for application on this location due to traffic occurring in more lanes and its high frequency [9] .
The measurements have shown that this measurement location requires a specific sound source connected to vehicles passing in maximum of two lanes. The criterion was met by the second measurement location at road number 50 at the entry to Zvolen (approx. 500 m from the traffic sign of the town Zvolen) where the measurement was carried out. This location features two-way traffic with a maximum speed limit of 90 km/h. This location is provided with a flyover over the road with a bridge dilatation joint, which served as a source of specific sound for the measurement.
Measurement was carried out on 19 March 2015 between 10:00 and 14:00. Four audio recordings with four synchronous video recordings were made for the evaluation of the type and number of cars passing by. During the whole measurement the weather was stable (mainly clear or partly cloudy), and the temperature varied between 8ºC (at the beginning of the measurement) and 13ºC (at the end of the measurement). Atmospheric humidity was 45% and wind speed reached a maximum 5 km/h. The weather conditions during the measurement were satisfactory for accurate measuring performance of the sound level meter [17] . We used a Brüel & Kjaer 2270 sound-level meter, a Brüel&Kjaer 4231 sound calibrator, a video camera, and UPS during the measurement.
Bridge Dilatation Joint
A bridge joint is used to bridge the dilatation gap between bridge construction and bridge support, between two pieces of load-bearing bridge construction, or between load-bearing bridge construction and an adjacent road (Fig. 1) . The main function of a bridge joint is to enable the dilatation movement of load-bearing construction in accordance with the selected bridge structural system. One of the technological requirements on the bridge joints according to the "Technological and Qualitative Requirements of the Ministry of Transport, Constructions and Reginal Development of the Slovak Republic (2013), part 24: bridge joints" is that a bridge joint has to provide for the required noise emissions when cars cross the joint. The noisiness of the bridge joint is caused probably by its wear or other defect. The bridge joint (Fig. 1) was the source of specific sound that was used while designing the method for traffic density determination [1, 18] . Currently, the bridge has been reconstructed and the new bridge joint does not show excessive noisiness. Fig. 1 . Bridge joint -a source of specific sound.
Results
The whole measurement was recorded continuously using a video camera and sound level meter. During the evaluation of data the audio and video recordings were synchronised using synchronising symbols. Data stored in the sound level meter can be analysed only by software provided by the device manufacturer (BZ-5503 Measurement Partner Suite). Data for further processing were imported from the programme to the MS Excel spreadsheet. The aim of the measurement was to determine the number of vehicles passing by based on the sound created when crossing the bridge dilatation joint. When analysing the measured data we anticipated the existence of the minimum value L Aeq and L Cpeak created by a vehicle crossing the bridge joint in both directions. The crossing vehicle caused significant sound created by the impact of metal parts of the joint. This sound could have been clearly distinguished from the background sound through its significantly higher values of L Aeq and L Cpeak . The minimal value of sound pressure created by the automobile crossing the joint was determined using the graphical outputs and statistical functions of the programme Measurement Partner Suite. Statistical value L AF30 were used to find out the minimum value of sound pressure. This value is not listed among the basic statistical descriptors; however, it can be derived easily. It was selected with the first statistical set and subsequently it was applied on further sets, whereby this selection was proven as suitable. The value L AF30 gives the probability level of sound pressure, which is exceeded 30% of the time from the given time interval. A similar procedure also was followed when determining the remaining filters for individual vehicle categories. The minimum value of sound pressure L AF30 was determined at 82.5 dB. This means that 30% of the recorded one-second recordings of sound pressure exceeds this value. All one- second recordings with a sound pressure value higher than 82.5 dB are values of vehicles passing by, since there was no other significant source of sound present during the measurement. Synchronising the video and sound recordings allowed us to identify the vehicle category and corresponding value of sound pressure. This way all filters for every vehicle category were set according to Table 1 . The bar charts (Figs 2 and 3) show the evaluation of absolute numbers of vehicles in individual categories determined according to the video as well as audio recordings. The charts also include the relative error in measurement done by the sound level meter. The relative error in measurement was calculated according to the equation: (1) ...where δy is relative error in measurement (%), ∆y is absolute error in measurement (the difference between the real number of vehicles and the number of vehicles determined by the audio record), and Y is the real number of vehicles. Fig. 4 illustrates the mean relative error in measurement concerning the entire measurement time. The bars of the chart show the mean relative error for all vehicles as well as for individual vehicle categories.
Discussion
Following the data illustrated in the charts, we can conclude that the method is relatively accurate for recording the number of all vehicles passing by (relative error 0.6%). Greater deviation can be observed when determining the individual categories of vehicles passing by. The greatest deviation in the number of vehicles was recorded with lorries (relative error 8.58%). The error probably is caused by vehicle and cargo weight. In the case of articulated vehicles (relative error 5.86%) the major factor causing inaccuracy is the number of axles and extent of vehicle utilisation; the crossing time is sometimes more than one second, therefore the vehicle is counted twice. The lowest deviation was recorded in the category of cars (relative error 5.75%).
A slight inaccuracy in the overall number of vehicles passing by could have been caused by multiple cars crossing the bridge joint at the same time in both lanes, causing blending of the sound from the bridge joint and distorting the measurement results.
Conclusion
In order to make the measurement method more accurate, we propose locating the specific sound sources for individual lanes independently at least 100 m from each other. Measurement and analysis of audio and video recordings has shown a correlation between the actual number of vehicles passing by and data about the number of vehicles obtained from the recordings. Further research will provide more exact results and will allow us to determine more parameters.
The improvement of the method parallels the development of a simple acoustic sensor with incorporated evaluation software used for measuring road traffic density. Moreover, the incorporated software will be much cheaper than the camera systems, while the range of evaluated data and the possibility of their utilisation depend on the implemented software features and not on the measuring apparatus. A mobile device that could be used as a source of specific noise is being developed.
